The superior vena cava syndrome (SVCS) comprises various symptoms due to occlusion of the SVC, which can be easily obstructed by pathological conditions (eg, lung cancer, due to the low internal venous pressure within rigid structures of the thorax [trachea, right bronchus, aorta]). The resulting increased venous pressure in the upper body may cause edema of the head, neck, and upper extremities, often associated with cyanosis, plethora, and distended subcutaneous vessels. Despite the often striking clinical presentation, SVCS itself is usually not a life-threatening condition. Currently, randomized controlled trials on many clinically important aspects of SVCS are lacking. This review gives an interdisciplinary overview of the pathophysiology, etiology, clinical manifestations, diagnosis, and treatment of malignant SVCS.
Introduction
Superior vena cava syndrome (SVCS) includes various clinical signs and symptoms due to external compression (or intrinsic obstruction) of the SVC itself or greater veins emptying into the SVC or the superior cavo-atrial junction, resulting in reduced blood flow. Clinical signs include cyanosis, plethora, distention of and missing positional emptying of subcutaneous vessels, and edema of the upper extremities, head, and neck. Edema may compromise the function of the larynx or pharynx, causing dyspnea, stridor, cough, hoarseness, and dysphagia. A more serious consequence is cerebral edema, which may cause headache, confusion, and, possibly, coma. Cough, dyspnea, and orthopnea are common symptoms and may mimic congestive heart failure or pericardial disease. However, sound physical examination should clarify the diagnosis in most patients.
The assessment of a patient with SVCS should be prompt and focus on the presence or absence of findings that suggest an elevated upper venous pressure in need of timely intervention. The spectrum of possible interventions in SVCS has increased from radiotherapy and chemotherapy to thrombolytic treatment and SVC stenting; the optimal treatment of choice should be decided with an interdisciplinary consensus. Though a general recommendation supporting the consideration of radiation therapy and/or stent placement for symptomatic SVC obstruction from lung cancer has been made by both the American College of Chest Physicians 1 and the National Comprehensive Cancer Network (http://www.nccn.org/professionals/physician_gls/ PDF/nscl.pdf), more detailed recommendations are currently lacking, as many aspects of SVCS do not have a good evidence base. As outlined by Rowell and Gleeson, 2 there is a lack of well designed randomized controlled trials. Additionally, there is wide variation in the data and no standardized scoring system to measure both response and treatment-related morbidity. In all involved specialty fields there are technical innovations that may lead to patient benefit but that are not consistently studied in this specific clinical setting. We searched MedLine and the Cochrane Database to identify primarily randomized controlled trials on various aspects of SVCS. Of special interest were steroid treatment, oral or intravenous chemotherapy, megavoltage external beam radiation therapy, insertion of an expandable metal stent into the SVC (with or without thrombolysis or anticoagulation), or any combination of these treatments. We used the following terms (National Library of Medicine medical subject headings [MESH] identifier in brackets, if available): superior vena cava syndrome (D013479), vena cava obstruction, steroids (D013256), dexamethasone (D003907), prednisone, prednisolone (D011239), radiotherapy (D011882), radiation therapy (Q000532), stent, small-cell lung cancer (D018288), non-small-cell lung cancer (D002289), and combinations of those terms. We searched the database in June 2010 for randomized trials. We furthermore searched for observational studies on the specific aspects explored in the text, as well as those contributed by the involved subspecialists. Based on the heterogeneity of both etiology and therapeutic options in the context of pertinent clinical questions, major recent innovations in involved subspecialty fields, the striking sparseness of randomized clinical studies (even from national cancer centers and tertiary care facilities 3 ), and the existence of some small meta-analyses, we aimed systematically to review the current literature up to June 2010. We decided against an additional metaanalysis.
Anatomy and Physiology
The SVC transports blood from the head and neck, upper extremities, and parts of the chest toward the heart. It carries approximately one third of the total venous return to the heart. SVC compression can be caused by tumor masses in the middle or anterior mediastinum, usually to the right of the midline. Cardiac output may be transiently diminished due to acute SVC obstruction, but within a few hours usually an increased venous pressure and collaterals achieve a novel steady state of blood return. Hemody-namic compromise is usually a result of mass effect on the heart rather than the SVC compression. 4 Because of its relatively thin wall, compared to the aorta or trachea, and the low venous pressure, the SVC is among the first of the mediastinal structures to be obstructed. If the SVC becomes obstructed, blood flows through multiple smaller collaterals to the azygos vein or the inferior vena cava. These venous collaterals usually become dilated over several weeks, so that the upper body venous pressure is markedly elevated initially, but decreases over time. 5, 6 Etiology Mainly due to infectious disease (syphilis and tuberculosis) for several centuries, the primary cause of SVCS changed to malignancies some 25 years ago, and malignancies now account for up to 90% of all SVCS. 7, 8 In recent years thrombotic complications have increasingly occurred, reflecting the increased use of intravascular devices such as catheters, port-a-caths, pacemakers, and implantable defibrillators. 9 
Infectious, Inflammatory, and Non-malignant SVCS
In 1757, a Scottish physicist and anatomist, William Hunter, was the first to describe SVCS. He documented the findings of a 39-year-old man who died of a syphilitic aortic aneurysm. 10 The 200 years since the first description were dominated by infectious etiologies of SVCS, mainly due to dilation of the aortic arch as a consequence of syphilitic involvement of the aorta. Until the middle of the 20th century, one third of cases were due to dilated aortic aneurysm, another third due to intrathoracic tumors, and the remainder were attributed predominantly to granulomatous mediastinal disease, most likely infectious mediastinitis from tuberculosis. 11, 12 Since the advent of antibiotics, however, the number of infectious cases of SVCS has considerably decreased.
Non-malignant conditions account for 15-40% of SVC obstructions in contemporary retrospective series. 8, 9, 13, 14 Thrombosis of the SVC accounts for a substantial proportion of non-malignant causes of SVC obstruction. Most cases are related to the presence of indwelling intravascular devices. 9, 15 However, considering the increasing use of central venous catheters, the incidence of catheter-related SVC thrombosis appears to be low. 16 Rarely, pulmonary embolism results from these thrombi, especially if they are attached to the catheter (sleeve thrombi) rather than the vessel wall (mural thrombi). 17 Up to 50% of SVCS cases not due to malignancy are attributable to fibrosing mediastinitis, of which the most common cause is an excessive host response to a prior infection with Histoplasma capsulatum. Various other infections have been associated with fibrosing mediastinitis, including tuberculosis, actinomycosis, aspergillosis, blastomycosis, and Bancroftian filariasis. Infection with nocardiosis can cause SVCS by contiguous spread from a pulmonary, pleural, or cutaneous focus of infection. Post-radiation local vascular fibrosis should be included in the differential diagnosis of SVCS in patients who have received prior thoracic external beam radiation therapy, even if it predated the condition by several years. 18 Additionally, vasculitic disorders (eg, Behçet disease) can also cause relevant venous occlusion. Table 1 summarizes non-malignant conditions that may lead to SVCS.
Malignancy
Intrathoracic malignancies are responsible for 60 -85% of SVCS cases. SVC obstruction is the presenting symptom of a previously undiagnosed tumor in up to 60% of these cases. 9, 13, 14 Non-small-cell lung cancer (NSCLC) is the most common malignant cause of SVCS, accounting for 50% of all cases, followed by small-cell lung cancer (SCLC) (25%) and non-Hodgkin lymphoma (10%). 9, 14, 19 Lung cancer and non-Hodgkin lymphoma account for approximately 95% of all malignant SVCS cases. 9 Up to 4% of all lung cancer patients develop SVCS in the course of the lung cancer. SVCS occurs in up to 10% of SCLC patients. That difference is probably due to the different growth kinetics of SCLC and NSCLC, and the more frequent central localization of SCLC, compared to NSCLC. SVCS in lung cancer can occur if the primary tumor obstructs the vessel or due to enlarged mediastinal lymph nodes. Also, direct invasion of the SVC has been described, mostly in SCLC.
Up to 4% of all non-Hodgkin lymphoma patients develop SVCS. The incidence of SVCS varies considerably in non-Hodgkin lymphoma and depends on subtype. The highest incidence, almost 60%, is found in patients with primary mediastinal large B-cell lymphoma with sclerosis, an unusual and aggressive non-Hodgkin lymphoma subtype (up to 7% of all diffuse large-cell lymphomas). 20 Diffuse large-cell and lymphoblastic lymphomas are the most common subtype of non-Hodgkin lymphoma associated with SVCS. The incidence in these non-Hodgkin lymphoma types is up to 21%, whereas the incidence in other non-Hodgkin lymphoma subtypes is approximately 4%. 21 In patients with intravascular lymphoma, intravascular obstruction can be the primary mechanism of SVCS. Interestingly, Hodgkin's lymphoma rarely causes SVCS, despite the fact that these patients commonly present with mediastinal lymphadenopathy. Other malignant entities, such as mesothelioma, teratoma, primary mediastinal germ cell tumors, and mediastinal lymph node metastases of other solid tumors, are less frequently associated with SVCS.
Clinical Manifestations
The clinical appearance of SVCS is mainly determined by increased venous pressure in the upper body from the SVC obstruction. Normally, the cervical venous pressure range is 2-8 mm Hg. However, the limited patency of the SVC may increase the pressure up to 10-fold (20 -40 mm Hg) and thus causes an abnormally elevated hydrostatic pressure [22] [23] [24] that causes edema of the head, neck, eyelids, upper torso, and arms, and visibly dilated veins, which is the most predominant symptom in SVCS. Characteristically, they are non-collapsing if above the heart level. Consecutive signs of decreased venous flow are cyanosis and plethora. Furthermore, edema of the larynx or pharynx may adversely affect their function and lead to complaints including hoarseness, cough, stridor, dyspnea, and dysphagia. Figure 1 shows the most frequent signs and symptoms in SVCS.
Patients with SVCS can, rarely, develop life-threatening complications such as cerebral edema, causing headache, dizziness, confusion, and eventually coma or compromised hemodynamics, if SVC obstruction impairs venous return to the right atrium. Hemodynamic alterations can also be caused by direct compression of the heart by a mediastinal mass. Blurred vision or conjunctival suffusion may indicate imminent papilledema. Another rare complication of SVCS is esophageal varices, which occasionally cause variceal bleeding, especially in chronic SVCS.
As a consequence of the increased cervical venous pressure, subcutaneous vessels may distend, providing collateral circulation to the lower torso and finally to the inferior vena cava. The most important collateral pathway to the inferior vena cava is via the azygos/hemiazygos veins and intercostal veins. Other collateral pathways include the internal mammary veins and their tributaries and conjunctions to the superior and inferior epigastric veins, and the long thoracic veins, which discharge into the femoral and vertebral veins. Unfortunately, it requires several weeks to develop a sufficient collateral vascular network, so it stands to reason that clinical manifestations of SVCS may vary and do not exclusively depend on the degree of vascular obstruction, but also on the rapidity of onset. Approxi- mately one third of all SVCS patients develop clinical signs and symptoms of SVC obstruction within a 2-week period, but sometimes it can take longer. In summary, facial edema, dilated head, neck, and chest veins, dyspnea, cough, and in some cases, orthopnea are the most common symptoms of SVCS. Although the clinical appearance of SVCS can be striking at times (see Fig. 1 ) and the patient may appear severely distressed, SVCS itself is rarely fatal. Only when severe cerebral edema or hemodynamic alterations complicate the course of SVCS is a patient at high risk of dying.
Assessment
Usually, the clinical diagnosis of SVCS is based on a quite clear clinical presentation, with a combination of the aforementioned signs and symptoms. A careful physical examination can rule out common differential diagnoses that may mimic SVCS, including congestive heart failure and Cushing syndrome (eg, by ectopic production of adrenocorticotropic hormone). Physical examination should include a careful evaluation of central nervous functions, because neurologic alteration may be subtle, although already indicating imminent cerebral edema and, thus, a life-threatening complication and the need for immediate therapeutic intervention. Additionally, appraisal of respiratory function and hemodynamics is needed to determine the patient's risk of adverse outcome. Taking a detailed history of the current medical condition is equally important, and it should include onset and duration of symptoms and medical history, with emphasis on malignant conditions and recent intravascular procedures, including central venous lines.
Generally, symptoms develop over a period of several weeks, and their severity increases with duration of SVC obstruction. Of interest, formation of venous collaterals may improve clinical manifestations of SVCS in some cases.
In conclusion, patient history and a close physical examination constitute a solid basis for adequate management of patients with SVCS. The severity of symptoms determines the required diagnostic procedures and the acuteness of therapeutic interventions. According to Yu and colleagues, 25 hemodynamic symptoms (facial swelling) are most frequent, followed by respiratory symptoms (dyspnea, cough). Common symptoms are displayed in Table 2 .
Imaging
The diagnosis of a large mediastinal mass can be made on a conventional chest radiograph. For a more detailed visualization of the SVC and its surrounding structures, a chest computed tomogram (CT) with intravenous contrast medium in the venous phase is recommended. Alternatively, magnetic resonance imaging (MRI) with MRI phlebocavography can be performed. Both CT and MRI can be used to diagnose the underlying pathology, including tumor mass size and localization. SVC diameter and length of SVC stenosis/occlusion can be determined, which constitutes a solid basis for planning endovascular treatment. Alternatively, a conventional phlebocavography with simultaneous intravenous contrast injection from both upper extremities can be performed. Since this is usually done in the angiography suite, venous pressure gradient measurements and stenting can be performed at the same time. The radiologic stages of vena cava obstruction, as suggested by Stanford and colleagues, 26 are displayed in Figure 2 .
Biopsy and Staging
The treatment of SVCS is determined by the underlying disease, so the cornerstone of the treatment of thoracic malignancies is accurate diagnosis, and in the case of malignancy an exact determination of tumor extension and stage. In lung cancer, the presence of SVCS usually indicates an extensive mediastinal tumor mass. In addition to morphological imaging modalities such as CT or MRI, positron emission tomography (a molecular imaging modality), provides further information on node status and mediastinal involvement. Additionally, a cranial CT or preferably a cranial MRI and, if necessary, a bone scintigraphy 27 may complete the staging procedures. However, to clarify the nature of the underlying disease, biopsies have to be obtained for histological and/or cytological examination.
A diagnostic bronchoscopy, either in flexible or rigid technique, can detect endoluminal tumor growth, as well as tumor infiltration of central and peripheral airways, and obtain tumor tissue samples, via forceps or flexible cryoprobe. 28 In addition, cytological methods such as protected specimen brush, bronchial washing, or bronchoalveolar lavage tend to increase the diagnostic yield. Conventional mediastinoscopy is limited to paratracheal lymph nodes (2R, 2L, 4R, and 4L), pretracheal nodes (stations 1 and 3), and anterior subcarinal nodes (station 7). Newer techniques such as video-assisted mediastinoscopic lymphadenectomy allow better visualization and more extensive sampling. 29 Even if a complete mediastinal lymphadenectomy is performed, not all lymph nodes can be assessed. To avoid bleeding complications in SVCS, less invasive diagnostic methods are preferred.
Mediastinal lymph nodes can be biopsied under conventional anatomical or CT-based localization or newer imaging methods. Endobronchial ultrasound guided fineneedle aspiration biopsy of mediastinal lymph nodes has a high diagnostic accuracy and offers an alternative and less invasive technique for biopsy of mediastinal lymph nodes, as compared to mediastinoscopy. 30 Endobronchial ultrasound can overcome the limitations of mediastinoscopy in assessing lymph node stations 2, 3, 4, 7, 10, and 11, and is preferred in terms of safety and costs.
Sputum cytology, pleural fluid cytology, and biopsy of peripheral enlarged lymph nodes (eg, supraclavicular) are recommended if these are present and might be diagnostic in up to two thirds of cases. 31 
Management
Treatment of the underlying disease strongly depends on histology type, staging of the disease, previous treatments, and overall prognosis. Novel molecular biological targets such as epidermal growth factor receptor tend to give further important information on treatment options. If, after obtaining medical history, clinical assessment, and chest imaging, malignant SVCS is probable, management depends on the presence or absence of grade 4 symptoms (ie, critical issues for the patient, such as threatened airway, cardiac compression, and/or hypotension or syncope without preceding factors) ( Table 3) . If the patient presents with grade 4 symptoms, venogram and urgent stenting should be considered. If thrombosis is present, the patient might benefit directly from thrombolytic agents. A threatened airway should immediately be protected. All other stages prompt tissue biopsy and staging, which should be done without relevant delay. Early multidisciplinary planning improves the management of SVCS. If neurologic symptoms are present, brain metastases should be excluded with imaging (preferably contrast-enhanced MRI, alternatively contrast-enhanced CT). After biopsy and staging, a tumor-specific and stage-specific treatment plan should be developed depending on the tumor entity and symptoms, and, in the case of malignancy, on the Eastern Cooperative Oncology Group (ECOG) Performance Status Scale score (http://ecog.dfci.harvard.edu/general/perf_stat.html). Figure 3 summarizes a treatment algorithm for the management of malignant SVCS.
Although the prognosis of most malignancies causing SVCS is poor, most of the underlying conditions may respond well to chemotherapy, radiation therapy or combined chemotherapy and radiation therapy; several months of survival can be seen in properly treated patients. As SVCS might be the first manifestation of a thoracic malignancy, even in advanced-stage malignancies all therapeutic options, including invasive ventilation, should be considered, as they might gain several months of survival.
General Treatment Considerations
The primary goal in SVCS management is alleviation of symptoms and treatment of the underlying disease. We recommend that the patient's head be raised to decrease hydrostatic pressure and head and neck edema, though this Steroids (see below) are recommended only in patients with steroid-sensitive tumors, and in patients undergoing external beam radiation therapy. The use of diuretics is a matter of debate. Diuretics are recommended, although it is unclear whether small changes in right atrial pressure affect venous pressure distal to the obstruction. As the safety profile of diuretics is good and diuretics are commonly well tolerated, their use in SVCS is justified. However, if diuretics do not alter symptoms, they should be stopped.
Endovascular Treatment
The majority of patients with malignant SVCS are under palliative care, which is associated with survival of approximately 6 months. 32 Since SVCS symptoms may be quite distressing, timely palliation is indicated in most of these patients. Treatment modalities include SVC stenting, irradiation, chemotherapy, and bypass surgery. However, bypass surgery is quite invasive for a palliative procedure, and irradiation may not be feasible if cumulative maximum dose has been reached in previous treatments. Furthermore, irradiation or chemotherapy may take days to weeks to become clinically effective. 33 SVC stenting (Fig. 4) is effective and has few complications, [34] [35] [36] so many institutions, including ours, prefer primary stenting in de novo SVCS and do not restrict stenting to patients with recurrent SVCS. 37 In most of our patients, stenting has markedly improved quality of life, and patients were recurrence-free prior to exitus from the underlying malignancy.
Endovascular stenting is usually performed with a femoral approach, sometimes combined with a jugular or subclavian approach, using an 9-F sheath. Usually an intravenous bolus of heparin (5,000 international units) is administered at the onset of the procedure. The SVC stenosis or occlusion is passed with a steerable hydrophilic guidewire (eg, Terumo, Tokyo, Japan) and a selective catheter (headhunter or multipurpose tip configuration). The hydrophilic wire is then exchanged for a stiff working wire (eg, Amplatz, Cook Medical, Bloomington, Indiana) and the catheter is removed. Subsequently, a self-expanding stent (eg, Sinus XXL, Optimed, Ettlingen, Germany; or Wallstent, Boston Scientific, Natick, Massachusetts; or Gianturco-Z, Cook Medical, Bloomington, Indiana) is placed, with oversizing of approximately 10% relative to the unaffected SVC diameter, to prevent migration, especially toward the right atrium. If necessary, careful dilation of the stent with an angioplasty balloon can be performed. In the case of a short stenosis at a location where stent migration may cause a problem, a balloon expanding stent may be used (eg, Palmaz or Strecker stent).
In most cases, unilateral stent placement is sufficient. However, under certain circumstances bilateral stent placement in both brachiocephalic veins and the SVC may be necessary. At our institution we compared the results of 61 unilateral stent placements to 22 bilateral stent placements. 37 Technical success was achieved in 99% of patients and clinical success in 91% of patients in the unilateral group, and 90% of patients in the bilateral group, which is similar to other reports. 38 The occlusion rate was significantly lower in the unilateral group than in the bilateral group. The complication rate was higher in the bilateral group (28%) than in the unilateral group (9%). Stent patency tended to be longer in the unilateral group, but the difference was not significant. We concluded that both unilateral and bilateral stent placement are highly effective and expeditious in alleviating SVCS symptoms, but stent occlusion tended to occur more frequently after bilateral stenting. Unilateral SVC stenting was clinically effective with lower cost, easier placement, shorter procedure time, and lower rates of complications and recurrence.
Complications of SVC stenting are rather rare (between less than 4% and up to 28%, and seem usually to be clearly less than 10%), but may be fatal, including pericardial tamponade, pulmonary embolism, or stent migration to the right heart or pulmonary vasculature. 39 Basically, anticoagulation is recommended after SVC stenting, which might interfere with necessary invasive diagnostic procedures if not done before, but duration and type of anticoagulation remain controversial. However, thrombolytics increased the complication rate after SVC stenting to as high as 10%. The complications were related to bleeding problems such as cerebral, pulmonary, or pericardial hemorrhage with tamponade. 40 
Emergency External Beam Megavoltage Radiation Therapy
Tumors are usually more or less radiosensitive, as described by the corresponding cell survival curves, the relationship between the absorbed radiation dose and the proportion of cells that "survive" in the sense that they are able to grow in a colony, thereby demonstrating retainment of their reproductive integrity. Before the era of endovascular stenting, radiation therapy as a sole treatment was widely recommended in patients with SVCS. Prerequisite was no previous irradiation. With the advent of new systemic cancer drugs and the accumulation of radiobiological and clinical data from randomized phase III studies, it seems advisable to use concurrent chemoradiation therapy for epithelial tumors, to maximize tumor response. However, the patient's clinical condition has to be good enough to allow this treatment approach. The rationale for combined chemotherapy plus radiation therapy is as follows: due to the idiotopic effect of concurrent chemoradiation therapy, and due to shorter overall treatment time, accelerated repopulation of surviving clonogenic cells in tumors during the course of treatment is reduced. This approach seems to have the best chance to eradicate all clonogenic cells and provide the best local tumor control and patient survival. [41] [42] [43] [44] For epithelial tumors, concurrent chemoradiation therapy seems superior to sequential chemotherapy followed by radiation therapy, as demonstrated in several studies. So far, little evidence suggests that the addition of induction chemotherapy before irradiation confers any benefit for local-regional tumor control. 43, [45] [46] [47] One reason is that chemotherapy alone, like radiation therapy alone, may accelerate the proliferation of tumor cell clonogens. Another possibility is that induction chemotherapy may select for or induce drug-resistant cells that might be cross-resistant to radiation. Finally, chemotherapy drugs may, under certain conditions, increase the metastatic potential of tumor cells or damage normal tissues in such a way as to make them prone to metastatic growth. In SCLC patients, radiation alone or concurrent chemoradiation therapy may improve SVCS in up to 80% of patients. 48, 49 In certain settings, even for certain non-Hodgkin lymphoma subtypes, concurrent chemoradiation therapy might provide better local control than a sequential approach, and may therefore improve long-term survival. 42 After SVC stenting in a patient with a malignancy, concurrent radiation therapy plus chemotherapy is usually advised to optimize outcome and prevent proximal and/or distal tumor growth in the stent (tertiary prevention).
Radiation may improve symptoms. In a retrospective analysis of 35 patients, 30 patients had reduced symptoms within 5-9 days, 50 usually prior to radiologic improvement. This might be a consequence of augmented use of collaterals. Symptomatic patients should be referred to suitable, normally tertiary-care hospitals.
Chemotherapy and Immunotherapy
In patients presenting with non-Hodgkin lymphoma or germ-cell tumors, chemotherapy seems to be the treatment of choice for SVCS and may provide fast relief, as these tumors are exquisitely chemo-sensitive. In patients with SCLC, SVCS symptom relief from radiation or chemotherapy alone is equally effective. 51 Using chemotherapy as the only treatment for these histologies, symptoms usually improve within 1-2 weeks of treatment initiation.
Adjuvant chemotherapy (ie, chemotherapy delivered after radiation therapy) may not improve outcome, so radiation therapy prior to chemotherapy might reduce chemotherapy efficacy, impede SVCS symptom relief, and cause poorer long-term results, 21, 52 which should be taken into account in the initial treatment decision.
Therapy can be individualized and targeted if molecular analysis of tumor tissue is available. For instance, the combination of radiation therapy with cetuximab might be effective, since overexpression of epidermal growth factor receptor reduces radiosensitivity, and radiation therapy may up-regulate the epidermal growth factor receptor. 53, 54 However, so far there are no data on targeted therapies in the treatment of SVCS. Figure 5 shows an example of the benefits of multimodal therapy in SCLC.
Steroids
Glucocorticoids can be effective in steroid-sensitive malignancies such as lymphoma or thymoma, but their effectiveness has not been studied in malignancies considered non-steroid-sensitive, such as NSCLC, so it not clear whether steroids have a role in the management of acute SVCS. Steroids should therefore be used only in selected patients.
If the patient undergoes radiation therapy, steroids are commonly used to prevent post-radiation swelling. Especially in patients with preexisting laryngeal edema, steroids might be justified, though their effectiveness in this setting has not been formally studied in a randomized controlled trial.
Thrombolytics
Patients with extensive thrombosis in conjunction with stenotic SVC obstruction may benefit from local catheterdirected thrombolysis 1, 55 to reduce the length of the stented segment and the risk of embolization. Alternatively, the thrombus burden may be removed via mechanical endovascular thrombectomy. Adjunctive thrombolytic therapy after SVC stenting, however, did not improve primary patency but did increase the risk of bleeding, and is therefore not generally recommended. 56 All patients with central venous thrombosis should receive anticoagulants for 3-6 months, because pulmonary emboli may result.
Long-Term Anticoagulation
Short-term anticoagulation is usually recommended for patients undergoing SVC stenting, 55, 57 but it remains unclear whether SVCS patients really benefit from long-term anticoagulation. Full anticoagulation is reasonable after thrombolytic or mechanical removal of additional thrombotic lesions. Whether low-molecular-weight heparin is superior to oral anticoagulation in this setting 58 has not been prospectively addressed, nor has the question of whether patients who undergo SVC stenting require anticoagulation or dual antiplatelet therapy.
One possible clinical problem is heparin-related complications such as heparin-induced thrombosis. It is therefore important to monitor platelet count, and vigilance is needed if a rapid decline in platelets occur, as this suggests the possibility of platelet-induced thrombocytopenia (white clot syndrome), which may lead to life-threatening vascular occlusions and venous thromboemboli. 40 
Endovascular and Surgical Interventions
Although surgical intervention to bypass SVC obstruction is effective and associated with relatively few complications, its use has been widely replaced by endovascular treatments. Endovascular methods are effective as a "bail-out" strategy in patients with grade 4 symptoms and usually obviate surgical interventions in patients with limited life expectancy. In patients with malignant thymoma and thymic carcinoma, surgery should be evaluated as part of a multimodal treatment strategy. 59, 60 Patients with NSCLC up to Union for International Cancer Control clinical stage IIIA should be radically resected, if possible combined with adjuvant chemotherapy and with or without radiotherapy. 61, 62 In NSCLC stage UICC IIIB, trimodal therapy should be restricted to selected patients only. Standard treatment in these patients is combined. 61, 63 Outcome Outcome largely depends on the SVCS etiology. In SCLC, chemotherapy and/or radiotherapy relieved SVCS in 77%; 17% of those treated had a recurrence of SVCS, as described in a meta-analysis by Rowell and Gleeson. 2 In NSCLC, 60% of the patients had relief of SVCS following chemotherapy and/or radiotherapy; however, 19% of those treated had a recurrence of SVCS. SVC stenting relieved SVCS in 95%. Whereas 11% of those treated had further SVCS, recanalization was possible in the majority of patients, leading to a long-term patency rate of 92%. Morbidity following stenting was greatest if thrombolytics were administered, which points to an additional danger of thrombolytics.
Summary
SVCS is often clinically striking, but rarely requires emergency intervention. The majority of cases are due to malignancies. Tissue biopsy is warranted to guide diagnosis and optimize therapy, and is generally safe when performed by experienced practitioners. A multidisciplinary approach should be the standard of care for patients with SVCS.
Critical issues at presentation are substantial hemodynamic compromise, substantial laryngeal edema with stridor/threatened airway, and substantial cerebral edema with confusion, obtundation, or stupor. These conditions require immediate action to relieve symptoms promptly and avoid further complications. Interventions should be guided by the objective of not constraining or delaying biopsy. In most cases, biopsies can be taken before intervention, but an exception might be orally anticoagulated patients.
Only patients who require immediate medical intervention due to severe symptoms should receive endovascular stenting for prompt relief of symptoms (recommendation grade 1, evidence grade B). With the advent of stenting, emergency external beam radiation therapy is less used, because it usually does not relieve symptoms for 5-10 days. Radiation treatment should be combined with high doses of corticosteroids to prevent edema formation (grade 2C). In patients with malignancy, after stenting, concurrent radiation therapy with chemotherapy is advised to optimize outcome and prevent tumor growth near the stent, which could cause recurrence of SVCS (tertiary prevention).
In all other cases, if radiological imaging is consistent with malignancy, one should await histological or immunohistochemical diagnosis to start with an optimized therapy. In chemotherapy-naïve or immunotherapy-naïve patients with non-Hodgkin lymphoma, germ-cell tumor, or (possibly) breast cancer, systemic therapy as the sole treatment may be recommended; however, especially for SCLC and NSCLC, systemic therapy concurrent with radiation therapy is the treatment of choice (grade 1C). If symptoms persist, endovascular stenting might bring prompt symptom relief. In patients who have been treated for a malignant cause of SVCS and who suffer from a relapse, endovascular stenting might be a suitable option (grade 2B).
Patients with endovascular stents should receive longterm oral anticoagulation unless there is a contraindication (grade 2C). A reasonable alternative to long-term oral anticoagulation is dual platelet inhibition for 3 months, with aspirin and clopidogrel, always keeping in mind that measures to inhibit coagulation or platelet aggregation might interfere with biopsy. For non-malignant causes of SVCS, causal treatment is usually possible.
SVCS has lost its status as a life-threatening oncologic emergency in most cases. For most treatment options that aim to directly treat the signs and symptoms of SVCS, randomized controlled trials are still lacking.
